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Patentee: William Carl Slemmer 



Patent No.: 5,781,043 



Title: 



Issued: 



DIRECT CURRENT SUM BANDGAP 
VOLTAGE COMPARATOR 



July 14, 1998 



AttyDkNo.: 93-C-007C2 




Reissue Application 
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FIRST REISSUE APPLICATION DECLARATION BY THE INVENTOR 

As a below named inventor, I hereby declare: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe that I am the original, first and sole inventor (if only one name is listed below) 
or a joint inventor (if plural inventors are listed below) of the subject matter that is 
claimed in patent number 5,781,043, granted July 14, 1998, and for which a reissue 
patent is sought on the invention entitled: 

DIRECT CURRENT SUM BANDGAP VOLTAGE COMPARATOR 



the specification of which 

□ is attached hereto. 

0 was filed on July 14, 2000 as reissue application number 09/616,821 and 

was amended on (if applicable). If the filing date, 

amendment date, or reissue application number are not included when I 
execute this Declaration, I authorize the below appointed attorney(s) 
and/or agents(s) to insert the filing date, amendment date, or reissue 
application number when they become available. 
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I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations, Section 1.56. 

I verily believe the original patent to be wholly or partly inoperative or invalid, for the 
reasons described below. (Check all that apply.) 

□ by reason of a defective specification or drawing. 

0 by reason of the patentee claiming less than he had the right to claim in 
the patent. 

□ by reason of other errors. 

Errors upon which reissue is based are described as follows: 

I believe that the limitation %, K 2 , and K3, are constants determined by ... a transistor 
length in the first, second, and third current sources, respectively" renders independent 
claims 1, 3, 13, and 14 overly narrow. Specifically, these constants may be determined 
by a size of the transistor other than the transistor, i.e., channel, length. For example, 
one or more of Ki, K 2 , and K 3 may be determined by the transistor, i.e., channel, width. 
Therefore, I have added new independent claims 24 - 27, which omit the "transistor 
length" limitation. 

Because one can describe my invention in terms of a method, I believe that the lack of 
method claims unduly limits the scope of protection that the '043 patent provides to my 
invention. Therefore, I have added new method claims 28 - 55. 

All errors corrected in this reissue application arose without any deceptive intention on 
my part. 

As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to 
prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith: LISA K. JORGENSON, Reg. No. 34,845; THEODORE E. 
GALANTHAY, Reg. No. 24,122; ROBERT D. MCCUTCHEON, Reg. No. 38,717; 
MARIO DONATO, Reg. No. 37,816; and all attorneys associated with Customer 
Number 000996. 

Correspondence Address: Direct all communications about the application to: 

Lisa K. Jorgenson 
STMicroelectronics, Inc. 
1310 Electronics Drive 
Carrollton, Texas 75006-5039 
Phone: (972) 466-6000 
Fax: (972) 466-7044 
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I do not know and do not believe that the claimed invention was ever known or used in 
the United States of America before my invention thereof. 



I do not know and do not believe that the claimed invention was ever patented or 
described in any printed publication in any country before my invention thereof. 

I do not know and do not believe that the claimed invention was ever patented or made 
the subject of an inventor's certificate issued prior to the date of this application in any 
country foreign to the United States of America on an application filed by me or my legal 
representatives or assigns. 

I do not know and do not believe that the claimed invention was ever patented or 
described in any printed publication in any country more than one year prior to the filing 
date of the original U.S. application. 

I do not know and do not believe that the claimed invention was ever in public use or on 
sale in the United States of America more than one year prior to the filing date of the 
original U.S. application. 

I hereby claim the benefit of priority, under 35 U.S.C. § 1 19 and 35 U.S.C. § 120, of any 
foreign application(s) for patent or inventor's certificate on which priority was claimed in 
the above-identified issued patent. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine and imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon, or any patent to which this 
declaration is directed. 
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I verily believe the original patent to be wholly or partly inoperative or invalid, for the 
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Ef by reason of the patentee claiming less than he had the right to claim in 
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by a size of the transistor other than the transistor, i.e., channel, length. For example, 
one or more of K 1f K 2 , and K 3 may be determined by the transistor, i.e., channel, width. 
Therefore, I have added new independent claims 24 - 27, which omit the "transistor 
length" limitation. 

Because one can describe my invention in terms of a method, I believe that the lack of 
method claims unduly limits the scope of protection that the '043 patent provides to my 
invention. Therefore, I have added new method claims 28 - 55. 

All errors corrected in this reissue application arose without any deceptive intention on 
my part. 

As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to 
prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith: LISA K. JORGENSON, Reg. No. 34,845; THEODORE E 
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I do not know and do not believe that the' claimed invention was ever known or used in 
the United States of America before my invention thereof. 

I do not know and do not believe that the claimed invention was ever patented or 
described in any printed publication in any country before my invention thereof. 

I do not know and do not believe that the claimed invention was ever patented or made 
the subject of an inventor's certificate issued prior to the date of this application in any 
country foreign to the United States of America on an application filed by me or my legal 
representatives or assigns. 

I do not know and do not believe that the claimed invention was ever patented or 
described in any printed publication in any country more than one year prior to the filing 
date of the original U.S. application. 

I do not know and do not believe that the claimed invention was ever in public use or on 
sale in the United States of America more than one year prior to the filing date of the 
original U.S. application. 

I hereby claim the benefit of priority, under 35 U.S.C. § 1 19 and 35 U.S.C. § 120, of any 
foreign application(s) for patent or inventor's certificate on which priority was claimed in 
the above-identified issued patent. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine and imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon, or any patent to which this 
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[57] ABSTRACT 

A direct current sum bandgap voltage comparator for detect- 
ing voltage changes in a power supply. The direct current 
sum bandgap voltage comparator includes a summing node, 
current sources connected to the summing node and the 
Epwer supply, and an indicator circuit connected to the 
summing node. Each current source supplies a current to the 
surrimij&g node wherein the summing node voltage level is 
responsive to the currents supplied. The indicator circuit is 
responsive to changes in the summing node voltage level 
and generates at an output a logical signal at one state when 
the summing node voltage level is greater than a predeter- 
mined value and generates the logical signal at the output at 
another state when the summing node voltage level is less 
than the predetermined value, the predetermined value cor- 
responding to a preselected power supply voltage. 
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DIRECT CURRENT SUM BANDGAP summing node and each current source supplies a current to 

VOLTAGE COMPARATOR the summing node, wherein the voltage at the summing node 

is responsive to the current supplied to the summing node. 

This is a Continuation of application Sen No. 08/606. The indicator circuit has an input connected to the summing 

233, filed Feb. 23, 1996, now abandoned, which is a 5 node and generates a logical signal at an output that is 

Continuation of application Ser. No. 08/056301, filed Apr. responsive to voltage changes in the summing node. 

30, 1993, now abandoned The direct current sum bandgap voltage comparator may 

be used in a zero power circuit also including a circuit in 

BACKGROUND OF THE INVENTION wnich power is to be maintained and a switching circuit for 

1. Field of the Invention 10 P rovidin S P° wer to me fijrst circuit from a primary power 
^ . . A . supply and a secondary power supply. The switching circuit 
The present invention relates to mtegrated circuits and in fe connected to ^ ou ^ of fte whereill 

particular to MOS integrated circuits. Still more particularly. from the prirr^ry power supply is supplied to the first 

the present invention relates to bandgap reference circuits in tf ^ { icai $i ^ ^ates that the power supply 

insulated gate FET semiconductor integrated circuits. 15 yoltage fa ^ tQ or j^. ^ ^ prcsei ^ d yol ^ 

2. Description of the Prior Art and power from the secondary power supply is supplied to 
In some situations it is desirable to provide retention of the first circuit if the power supply voltage is less than the 

data in integrated circuits such as memory devices. A preselected voltage, 
number of circuits are commercially available for retaining 

data in SRAMS when power is removed, TTiese devices are 20 BRIEF DESCRIPTION OF THE DRAWINGS 

often known as "zero power circuits**. Typically, in a zero The novel features believed characteristic of the invention 

power circuit the contents of the circuit are protected in the are set forth in the appended claims. Hie invention itself 

event that the power supply voltage to that circuit drops however, as well as a preferred mode of use. and further 

below some predetermined or preselected threshold voltage. objects and advantages thereof, will best be understood by 

This protection may be accomplished by switching the 25 reference to the following detailed description of an iilus- 

circuit from the primary power supply to a secondary power native emrx>djuTient when read in conjunction with the 

supply, typically an integral battery, when the voltage of the accompanying drawings, wherein: 

primary power supply drops below the selected threshold HG. 1 is a block diagram of a zero power circuit 

voltage. Secondary or backup power supplies are well according to the present invention; 

T&59to ^ * SCen ^ U ' S " ^ N ° S * 438M58 30 FIG. 2 is a schematic diagram of a direct current sum 

* bandgap voltage comparator according to the present inven- 

Power controller circuits exist, which provide automatic tton; and 

sensing of a primary power source voltage. These power pi G 3 is a schematic diagram of an alternative direct 

controller circuits provide automatic switching to a second- sum band ^ voita ^ e coraparator according to the 

ary power source when the primary power source voltage " present invention, 
drops below a predetermined threshold voltage. An example 

of one such system may be found in U.S. Pat No. 5J21359. DESCRIPTION OF THE PREFERRED 

which describes a programmable logic device with a backup EMBODIMENT 

power supply that is automatically provided when a power Referring now to HG. L a block diagram of a zero power 

loss at an input pin is detected. U.S. Pat No. 4,654.829 40 circuit 2 on a chjp is mustrate <L Zero power circuit 2 is 

discloses a portable non-volatile memory module, using a coimected t0 a po We r supply 4 and has a secondary 

comparator and switching circuitry to switch between a po Wer supply 6< located within an integral package. Sec- 

pnmary power supply and a secondary power supply, such ondary power supply 6 is typically a battery constructed in 

as a battery power supply. ^ &e piastk package housing fee chip. Other secondary power 

Past approaches in setting or selecting the voltage level in supplies, such as, for example, a battery located outside the 

a zero power circuit has involved the use of many bipolar package may also be used. 

devices, large resistors, oscillators, switched capacitors. Zero power circuit 2 includes a switching circuit 8, a 

autozero devices, etc, A bandgap reference circuit is one me mory 10, and a direct current sum bandgap voltage 

circuit that may be used to set that voltage level. One ^ (DC SBV) comparator 12 constructed according to the 

drawback with a typical bandgap reference circuit is that a wtstnt invention. Switching circuit 8 is connected to pri- 

large number of devices are needed for implementation. As ^ power supply 4 md secondary power supply 6. This 

a result a large amount of area on a semiconductor chip is circuit controls the power supplied to memory 10 and may 

required. In addition to the area problem, typical bandgap indude logic to provide for continuous supply of power to 

reference circuits also are fairly sensitive to noise within the 55 mem ory 10 during switching back and forth between pri- 

orcuit For example, active memory circuits are usually mary power supply 4 and secondary power supply 6. 

noisy and known bandgap circuits used with active memo- DCSBV comparator 12 has an input connected to primary 

nes circuits are usually sensitive to the noise generated supply 4 and oytput connected to switching 8 . 

Therefore it would be desirable to have a circuit that is DCSBV comparator 12 has an output connected to switch- 
smaller, simpler, and less sensitive to noise. ^ i ng circuit $ t o indicate when the primary power supply 

SUMMARY OF THE INVENTION ^ * °a *T * preSdeCted V ° ltage * **** Mow 

the preselected voltage. 

The present invention provides a direct current sum Those of ordinary skill in the art will realize that the zero 

bandgap voltage comparator for detecting voltage changes power circuit 2 may include additional circuits and that 

in a power supply. The direct current sum bandgap voltage 65 various circuits may be used in place of memory 10. 

comparator includes a summing node, current sources, and Switching circuit 8 may be implemented with a number 

an indicator circuit. Hie current sources are connected to the different designs known to those of ordinary skill in the art 
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A DCSBV comparator may be constructed using four 
currmt sources each of which generates a current represent- f & h ( h \ {) 

ing one of the terms of a bandgap equation: e*i \ h } 

rev v^kv-kv +k (kT/a\ (i) through transistor M4. where J l is the current density of 

K^Vcc-Vr^v^v^K^) (D 5 m and ^ fc ^ density of ^sister B2. 

where V cc is the power supply voltage, V r is the absolute Transistor Tl is designed to generate a current that is N 
value of the threshold voltage, and is the base emitter times the current flowing through transistor M4. As a result, 
voltage. kT/q is equal to the thermal voltage, where k is the current contributed by current rnirror A is: 
Boitzman's constant. T is the temperature in kelvin, and q is 

the electronic charge. Voltages (V ccr V r ). and 10 ^ NkJ / CO 

JkT/q are converted to currents in four current rnirror circuits. A qp s n \ h } 

Other equivalent forms of this equation may be implemented where R ^ ^ been replaced by sheet resistance p s and the 
according to other embodiments of the present invention. number of squares r x . In the preferred embaiiment the sheet 
The four current sources may be provided using current resistance p s for all of the resistors in the circuit will be the 
mirrors A-D, as illustrated in the schematic diagram of a 15 same therefore, the constant K 3 in equation (1) is as 
current sum bandgap voltage (DCSBV) comparator in FIG. follows: 
2. Current mirror A generates a current: 

N (Ji\ (8) 

4f /?i 20 

By scaling the current in the left and right legs of current 
Current rnirror B generates a current: mirror A, the need for a large number of bipolar structures 

(i.e., 30 or more) is eliminated. 
Vbe i ^ Current mirror circuit B includes transistors M5-M8, 

*~ 9 transistor B3, and resistor R 2 . Transistors MS and M6 are 

Current rnirror C generates a current: 25 p-channel MOSFETs, while transistors MJ and M8 are 

^iuicu imi b D-channel MOSFETs. Transistor B3 is a bipolar junction 

i (4) transistor. 

/c « y t ^ Resistor R 2 has one end connected to the drain of tran- 

^ . sistor MS and a second end connected to power supply 

while current mirror D generates a current: 30 voltage y ^ The base and collector of transistor B3 also are 

(5) connected to power supply voltage V cc , while the sources 

— !d~ (Vcc-Vr)~^- of transistors M7 and M8 are connected to power supply 

u voltage GND. 

The constants Kj-K* from equation (1) may be set by Transistors M5-M8 and T2 are sized MOSFETs. Tran- 
resistors and scaled transistors in the current mirrors. 35 sigtors M6 and M8 m scaled to generate a current flow that 
The currents contributed by each of the current mirrors, {$ Qne tenm of the amm fiowing transistors MS 
A-D, are summed at a siuiiming node, referred to as node aBd M? ^ fl owul g through transistors MS and M7 
VSUM. The node will swing to the edge of saturation h d (Q ±t cunent flowifig trustors M2 and 
corresponding to the mirror or current mirrors supplying the M4 k A -Transistor T2 is constructed to 
larger current or currents. Node VSUM is connected to two 40 proyide a current flow that is M times the current flowing 
complementary metal-oxide semiconductor (CMOS) invert- transistor M7. The voltage V BE is set up by trail- 
ers 20 and 22 formed by transistors C1-C4, where transis- $istor B3 ({faat £s y ^ ^ base ^rnitter voltage of tran- 
tors CI and C3 are p-channel metal-oxide semiconductor sistor fi3) md resistor R ^ sets ^ me curre nt; the voltage 
field effect transistors (MOSFETs) and transistors C2 and C4 . acf0SS R - s y A& a * rcsu j t> current rnirror B generates 
are n-channel MOSFETs. Inverters 20 and 22 are used as 45 
detectors for node VSUM and provide for a raii-to-rail 

voltage swing at output 24 of the DCSBV comparator. MVb£ (9) 

Current jmirror circuit A is constructed from sized tran- h = p ^ 

sistors M1-M4. Tl, BL and B2 and resistor R^ Transistors . . 

M1-M4, and Tl are MOSFETs. Transistors Ml and M2 are 50 where p, is the sheet resistance of resistor R 2 and r 2 is the 

p-channel MOSFETs, whule transistors M3. M4, andTl are number of squares in resistor R 2 . Hie constant K 2 from 

n-channel MOSFETs. Transistors Bl and B2 are bipolar equation (1) is defined as: 
junction transistors. The collectors and bases of transistors 

Bl and B2 are connected to power supply voltage V cc ; the k 2 = — 

sources of transistors M3 and M4 are connected to power 55 

supply voltage GND. which is connected to ground. Resistor Next, current mirror C includes transistors M9-M15, and 

Ri has a one end connected to the emitter of transistor B2 T3 and resistor R 3 . Resistor R 3 has one end connected to the 

and the other end connected to the source of transistor M2. source of transistor Mil and another end connected to 

Transistors M1-M4, Tl, Bl, and B2 are sized transistors power supply voltage V cc . Transistor M9 has its source 

and are employed to obtain different current densities in 60 connected to power supply voltage V cc , while the sources 

different parts of current mirror circuit A. Transistors Ml of transistors M12. M13. and M14 are connected to ground 

and M3 are sized to provide a current flow that is ten times power supply voltage GND. The voltage V r is set up by 

the current generated by transistors M2 and M4. The emitter transistor M9 (that is. V r is the absolute value of the 

area of transistor B2 is twice that of transistors Bl. The threshold voltage of transistor M9), while resistor R 3 sets up 
voltage across resistor K t provides a current. The sizing of 65 the current. The voltage drop across R 3 is V T 

the transistors and the resistor R x is selected to generate a Transistors M9-M1L MIS, and T3 are p-channei 

current 0 f : MOSFETS, while transistors M12-M14 are n-channel 
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MOSFETs. These transistors are sized transistors. The cur- present invention. For example, in a five volt power supply 

rent flowing through transistors Mil and M13 is the same as system, the threshold voltage may be set at 4.8 volts such 

the current flowing through transistors M14 and M15. The that when the power supply is at 5 volts, the output at node 

current flowing through transistors Mil and M13-M15 is OUT will swing up to power supply voltage V cc , 5 volts. If 

the same as the current flowing through transistor M5 and 5 the power supply voltage drops below 4.8 volts, the output 

M7 in current mirror B. Transistors M9. M10, and M12 are node OUT will swing down to the ground power supply 

sized to provide a current flow mat is one tenth of the current voltage. Thus, through the selection of constants K a -K 3 . a 

flowing through transistors. Mil, M13, M14. and M15, ™ltage ™y be selected, wherein fluctuations of the power 

Transistor T3 is designed to provide a current flow that is L surely voIta ge V cc below the selected voltage will cause the 

times the current flowing through transistor M14. TTius. 10 comparator to indicate that a secondary or backup power 

current mirror C generates a current: should be ****** t0 &e ^cuit associated with the 

comparator. 

LVr The MOSFETs used in the current mirrors in the depicted 

/ c = — — circuit may have longer channels than the base technology. 

^ For example, in a 0.8 micron device, the transistors used in 

where p is the sheet resistance of resistor R 3 and r 3 is the 15 the current mirrors may have channel lengths from 3 to 6 

number of squares in resistor R 3 . The coefficient K x in microns. These longer channels may be used improve the 

equation (1) is defined as: precision of the current supplied by the current mirrors. 

The scaling of currents in current mirrors A~D may be 

KiX= L_ (12) done in a variety of ways. In accordance with a preferred 

1 n 20 embodiment of the present invention, one of the transistors 

for current mirror C is seiected as unit y* A transistor that is to provide a current 

Current rnirror D includes transistor M16, transistor T4, N ^ cmctA of &e ^ **ashtoc is replaced with N 

and resistor R 4 . Both transistors M16 and T4 are p-channel uni| y transistors connected in parallel. Those of ordinary 

MOSFETs with their sources connected power supply volt- skill in the art will realize other methods of scaling currents 

age V cc . Resistor R 4 has one end connected to the drain of 25 ma y employed. 

transistor M16 and a second end connected to power supply Next * value <* resistors must I"* 8 * 

voltage GND. Transistor M16 sets up the voltage V CC -AV when specified, but the actual magnitude of the resistors 

while resistor sets up the current The voltage drop across °^ the P° wer consumption of the circuit 

R 4 is V c<r -V r Current mirrors A-D in FEG. 1 are an example of one 

Transistors M16 andT4 are scaled transistors. Transistor 30 la y° ut of a *>CSBV comparator in accordance with a pre- 

M16 is designed to provide a current flow that is equal to the fcired embodiment of the present invention. Other configu- 

currest flowing through transistors M14 and MIS; transistor ratic>fls for current mirrors will be af>parent to those of 

T4 is constructed to generate a current that is J times the **** skm k ^ »*• numbers of curreilt a*™" 

current flowing through transistor M16. Thus, the current lavouts ^ employed to satisfy equation (1). 

generated by current rnirror D is: 35 Referring next to FIG. 3, a schematic diagram of a 

DCSBV comparator is illustrated. This comparator is similar 

(VCC-Vr¥ (13) t0 t * ie comparator depicted in FIG. 1 with a few additional 

/£= _ circuits. Drain impedance of the current sources may limit 

the voltage swing in some cases in which the current is 

where the coefficient K x in the current mirror is set as: 40 to low OT sma ^ changes. Additionally, small current 

changes may have problems in driving the node capacitance 

*i=— (14) at node VSUM, resulting in a slow response. 

To solve these problems, a cascode stage 24. well known 

Since both current mirrors C and D create current contribu- to those of ordinary skill in the art may be added the 

tions that are related to the coefficient Kj, the current rnirrors 45 DCSBV comparator between the current sources and node 

must be sized according the following relationship: VSUM, as depicted in FIG. 2. to improve the switching 

speed of the circuit Cascode stage 24 includes transistors 

-L = A < i5) E1-E6 and resistor R*. Transistors E1-E3 are p-channel 

r * n MOSFETs. while transistors E4-£6 are n-channel MOS- 

As a result the voltage level of node VSUM is set by the 50 FETs. Transistor E2 has its source connected to power 

selection of the sizes and properties of the devices involved supply voltage V cc . while transistor E6 has its source 

in constants K x -K 3 . The voltage at node OUT is set to V cc /2 connected to power supply voltage GND. Transistor El has 

in the depicted circuit when the voltage at VSUM is equal its source connected to the drains of transistors T3 and T4; 

to V cc /2, and the power supply voltage V^ is equal to the transistor E4 has its source connected to the drains of 

selected or threshold voltage. If the current from transistors 55 transistor Tl andT2. Transistors El and E4 have their drains 

Tl andT2isiess than the current from transistors T3 andT4, connected to node VSUM, 

the voltage at node OUT will swing up to that of power In some instances, a selected voltage swing having a 

supply voltage V cc . This situation occurs when the power range other than that between the power supply voltage V cc 

supply voltage V cc is greater than the selected voltage. On and power supply voltage GND may be desired. A clamping 

the other hand, if the current from transistors Tl and T2 is 60 circuit 26. well known to those of ordinary skill in the art 

greater than the current from transistors T3 and T4* the may be added to provide a bias to set the voltage swing at 

voltage at node OUT will swing down to that of power node VSUM between selected or preset voltages. Clamping 

supply voltage GND. This situation occurs when the power circuit 26 includes transistors D1-D4 and inverter 30. Iran- 

supply voltage V cc is less than the selected or threshold sistors Dl and D2 are n-channel MOSFETs, while transis- 

voltage. 65 tors D3 and D4 are p-channel MOSFETs. Transistors Dl and 

The threshold voltage may be set at a value slightly less D2 have their drains connected to power supply voltage 

than the desired power supply voltage according to the V cc ; transistors D3 and D4 have their drains connected to 
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ground power supply voltage GND. The sources of transis- 
tors D2 and D3 are connected to node VBUM. Other 
clamping circuits other than the one depicted also may be 
used with the comparator of the present invention. 

In addition, a hysteresis circuit 28. known to those of 5 
ordinary skill in the art, may be used to reduce the suscep- 
tibility of the comparator to noise from other components. 
Hysteresis circuit 28 includes transistors H1-H3. Transistors 
HI and H2 are p-channel MOSFETs, and transistor H3 is an 
n-channel MOSFET. Transistor HI has its source connected 10 
to power supply voltage V cc . The gate of transistor HI is 
connected to the gate and source of transistor M16. The gate 
of transistor H2 is controlled by the output of inverter 34; the 
gate of transistor H3 is controlled by the output of inverter 
32. Inverters 32 and 33 are the same as inverters 10 and 12, 15 

As a result, a DCSBV comparator provides an indicator 
for switching between a primary and secondary power 
supply without requiring a large number of devices for 
implementation as compared to a typical bandgap reference 
circuit The present invention eliminates the need for using 20 
a large number of bipolar devices, large resistors, oscillators, 
switch capacitors, auto zero devices, etc. Through the use of 
current mirrors, the number of bipolar devices required are 
reduced. Additionally, sensitivity to noise also may be 
reduced by using a DCSBV comparator according to the 25 
present invention. 

Although the depicted embodiment employs for current 
mirrors, other numbers of current mirrors and current mir- 
rors of other designs may be used as long as the implemen- 
tation of the current mirrors performs the function of sum- 30 
ming currents at a node. Additionally, more than one node 
may be used for surnming currents. 

An example of typical values which can be used to 
fabricate an operational device are as follows. These num- 
bers assume a typical processing technology, and a desired 35 
trip point for the comparator of approximately 4.4 volts. The 
constants K t . K 2 . and K 3 , respectively, can be set to the 
values 2, 7, and 46 by proper selection of the various 
components and transistor sizes. TYansistor design to give 
current densities of J^l.O A/cm 2 and J 2 =0.05 A/cm 2 pro- 40 
vides for operation as described above. 

While the invention has been particularly shown and 
described with reference to a preferred ercfcodiment. it will 
be understood by those skilled in the art that various changes 
in form and detail may be made therein without departing 45 
from the spirit and scope of the invention. 

.What is claimed is: 
Jl. A direa current sum bandgap voltage comparator 
comprising: 

a summing node; 50 
a plurality of current sources connected to the summing 
node, each current source further comprising at least 
one transistor, and each current source supplying a 
current to the summing node and being connected to a 
power supply voltage, wherein the currents sources 5 
supply currents according to a bandgap equation: 

where V cc is the power supply voltage, V T is a predeter- 60 
mined threshold voltage of a transistor in a first current 
source within the plurality of current sources, V^g- is a base 
emitter voltage of a transistor in a second current source 
within the plurality of cuirent sources, k is Boltzman's 
constant, T is a temperature in kelvin of a transistor in a third 65 
current source within the plurality of current sources, q is an 
electronic charge constant, and K x , K 2 . and K 3 are constants 
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determined by a resistance and a transistor length in the first. 

second, and third current sources, respectively; and 

an indicator circuit having an input connected to the 
suinming node and generating a logical signal at an 
output, responsive to voltage changes in the sumjning 
node. 

2. The direct current sum bandgap voltage comparator of 
claim 1, wherein the plurality of current sources are current 
mirrors. 

A direct current sum bandgap voltage comparator 
comprising: 
a summing node; 

a plurality of current sources connected to the suniming 
node, each current source further comprising at least 
one transistor, and each cuirent source supplying a 
current to the surnrning node and being connected to a 
power supply voltage; and 
M an indicator circuit having an input connected to the 
summing node and generating a logical signal at an 
output, responsive to voltage changes in the summing 
node, wherein the currents sources supply currents 
according to a bandgap equation: 

where V cc is the power supply voltage, V T is a predeter- 
mined threshold voltage of a transistor in a first current 
source within the plurality of current sources. V BE is a base 
emitter voltage of a transistor in a second current source 
within the plurality of cuirent sources, k is Boltzman's 
constant, T is a temperature in kelvin of a transistor in a third 
current source within the plurality of current sources, q is an 
electronic charge constant, and K r K^, and K 3 are constants 
determined by a resistance and a transistor length in the first 
second, and third current sources, respectively, and wherein 
the plurality of current sources comprises four current 
mirrors. 

4. The direct current sum bandgap voltage comparator of 
claim 3, wherein the first current mirror includes a plurality 
of transistors and supplies a current to the summing node 
defined by K^Vcc^VV). 

5. The direct current sum bandgap voltage comparator of 
claim 4, wherein the second current mirror includes a 
plurality of transistors and supplies a current to the summing 
node defined by K^Vy* 

6. The direct current sum bandgap voltage comparator of 
claim 5, wherein the third current mirror includes a plurality 
of transistors and supplies a current to the summing node 
defined by K^V^ 

7. The direct current sum bandgap voltage comparator of 
claim 6. wherein the fourth current mirror supplies a current 
to the siinuning node defined by K 3 (liT/q). 

8. The direct current sum bandgap voltage comparator of 
claim 7 further comprising a clamping circuit connected to 
the surnming node, wherein a voltage swing for the sum- 
ming node, responsive to changes in current supplied by the 
current mirrors, may be set between predetermined voltages, 

9. The direct current sum bandgap voltage comparator of 
claim 7 further comprising a cascode stage having at least a 
first and second connections, the first connection is con- 
nected to the sununing node and the second connection is 
connected to one of the four current rnirrors. 

10. The direct current sum bandgap voltage comparator of 
claim 7 further comprising a hysteresis circuit connected to 
the indicator circuit to reduce noise. 

11. The direct current sum bandgap voltage comparator of 
claim 7, wherein the indicator circuit includes a pair of 
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inverters connected in series, wherein an input in the first a switching circuit for providing power to the first circuit 
inverter is the input of the indicator circuit connected to the from a primary power supply and a secondary power 

sununing node and an output of the second inverter is the supply, the switching circuit being connected to the 

output of the indicator circuit. ou ^ ut of the mdicator circuit wherein power from the 

12. IThe direct current sum ban^ap voltage comparator of 5 rimar ^ { h ^ tQ ^ &st dreuft tf 

claim 11, wherein the indicator circuit provides a logic one f. , . , . .... * i * i w 

output if the power supply is equal to or greater toan a ^ f*™ 1 ^cates that the power supply volt- 

preselected voltage. a S e 15 ec l ua * 10 or greater than the preselected voltage 

/13. A zero power circuit comprising: and P° wer from * e secondary power supply is supplied 

a first circuit; to me ^ rst circuit if the power supply voltage is less 

a direct current sum bandgap voltage comparator com- than & e preselected voltage, wherein the current 

prising: sources supply according to a bandgap equation: 

a suinming node; 

a plurality of current sources connected to the summing M V«r V^JC, VV=£ 2 V^A^r/^) 

node, each current source further comprising at least 

one transistor, and each current source supplying a 15 where V cc is the power supply voltage. V r is a predeter- 

current to the summing node and being connected to mined threshold voltage of a transistor in a first current 

a power supply voltage, wherein the current sources source within the plurality of current sources, V BE is a base 

supply according to a bandgap equation: . emitter voltage of a transistor in a second current source 

K^v^v^v^Km 20 * ithin th * plurality of current sources, k is Boltzrnan's 

constant, T is a temperature in kelvin of a transistor in a third 

where V cc is the power supply voltage, V T is a predeter- current source within the plurality of current sources, q is an 

mined threshold voltage of a transistor in a first current eIectroD ic charge constant, and K x . K 2 . and K 3 are constants 

source within the plurality of current sources. is a base determined by a resistance and a transistor length in the first, 

emitter voltage of a transistor in a second current source seC onc\ and third current sources, respectively, and wherein 
within the plurality of current sources, k is Boltzman's 25 me pluraiity of cuirent sources comprises four current 

constant, T is a temperature in kelvin of a transistor in a third mirrors. 

current source within the plurality of current sources, q is an - - ™ , . . , . , . 

electronic charge constant and K A , K 2 . and K 3 are constants Zer0 P 0 ™? C1ICU ^ f daun whercifl 

determined by a resistance and a transistor length in the first, secondar ? P° wer su ^ 15 a batte ^ 
second, and third current sources, respectively; 30 16 The ^ P° wer circuit of claim wherein the first 

an indicator circuit having an input connected to the a™ 1 11111X01 includes a plurality of transistors and supplies 

surnraing node and generating a logical signal at an a curr ^ t to the summing node defined by K 1 (V <7 < r -- , VY). 
output responsive* to changes in the summing node; 17. The zero power circuit of claim 14. wherein the 

and second current mirror includes a plurality of transistors and 
a switching circuit for providing power to the first circuit 35 supplies a current to the summing node defined by KjW-p 
from a primary power supply and a secondary power 18. The zero power circuit of claim 17, wherein the third 

supply, the switching circuit being connected to the current mirror includes a plurality of transistors and supplies 

output of the indicator circuit, wherein power from the a current to the summing node defined by KjV^. 
primary power supply is supplied to the first circuit if 19 . ^ ^ 0 va9m of claim whcrdE me fourth 

the logical signal indicates that the power supply volt- current rnirror supplies a current to the summing node 

age is equal to or greater than the predetermined defined by K 3 (4fT/q) 

threshold voltage and power from the secondary power ^ ^ J Q ^ circuit rf daim 19 fulther comprismg 

supply is supplied to toe rkst c^uit if the power supply a d m ^ connected to me summin node . ^ ae £ 

voltage is less than the predetermined threshold volt- o , „ . r~~-.es,,. ^ 

, 45 a voltage swing for the summing node, responsive to 

f,^f' . .. changes in current supplied by the current mirrors, may be 

✓ 14 A zero power circuit comprising: set ^tween selected voltages! 
a first circuit; ^ ^ 

^ , 21. The zero power circuit of claim 19 further comprising 

a direct cuirent sum bandgap voltage comparator com- a ^Zc&ted between the summing node and the 

prising: . . ^ & 

r & . . 50 current mirrors, 

a summing node; 

a plurality of current sources connected to the summing 2Z The zero P° wer cjrcuit of claim 19 fuItner coniprising 

node, each current source further comprising at least a circuit connected to the indicator circuit to 

one transistor, and each current source supplying a reduce D01se * 

current to the summing node and being connected to 5 23- Tte direct current sum bandgap voltage comparator of 

a power supply voltage; claim 15>, wherein the indicator circuit provides a logic one 

an indicator circuit having an input connected to the output if the power supply is equal to or greater than a 

summing node and generating a logical signal at an preselected voltage, 
output responsive to changes in the summing node; 

and * * * * * 



TO THE ASSISTANT COMMISSIONER FOR PATENTS: 
In the Drawings : 

The Applicant respectfully requests the Examiner to transfer FIGS. 1-3 from the 
file of the issued '043 patent to the reissue file. 

In the Claims: 

Please add the following new claims. 

/ 24. A direct current sum bandgap voltage comparator comprising: 
a summing node: 

a plurality of current sources connected to the summing node, each current 
source further comprising at least one transistor, and each current source supplying a 
current to the summing node and being connected to a power supply voltage, wherein 
the currents sources supply currents according to a bandgap equation: 

where V r^ is the power supply voltage, Vt is a predetermined threshold voltage of a 
transistor in a first current source within the plurality of current sources. V p f is a base 
emitter voltage of a transistor in a second current source within the plurality of current 
sources, k is Boltzman's constant. T is a temperature in kelvin of a transistor in a third 
current source within the plurality of current sources, q is an electronic charge constant, 
and K i . K?, and are constants determined by a resistance and a transistor size in the 
first, second, and third current sources, respectively; and 

and indicator circuit having an input connected to the summing node and 
generating a logical signal at an output, responsive to voltage changes in the summing 
node. 

/ 

^ 25. A direct current sum bandgap voltage comparator comprising: 
a summing node: 
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a plurality of current source^ connected to the summing node, each current 
source further comprising at least one transistor, and each current source supplying a 
current to the summing node and being connected to a power supply voltage: and 

an indicator circuit having an input connected to the summing node and 
generating a logical signal at an output, responsive to voltage changes in the summing 
node T wherein the currents sources supply currents according to a bandgap equation: 

where V r r is the power supply voltage. Vt is a predetermined threshold voltage of a 
transistor in a first current source within the plurality of current sources. V r f is a base 
emitter voltage of a transistor in a second current source within the plurality of current 
sources, k is Boltzman's constant. T is a temperature in kelvin of a transistor in a third 
current source within the plurality of current sources, q is an electronic charge constant, 
v3 and Ki , K 2t and are constants determined by a resistance and a transistor size in the 
?l first, second, and third current sources, respectively, and wherein the plurality of current 
i* sources comprises four current mirrors. 

3 z r 

fas . / 26. A zero power circuit comprising: 
O a first circuit: 

%l a direct current sum bandgap voltage comparator comprising: 

a summing node: 

p a plurality of current sources connected to the summing node, each current 

source further comprising at least one transistor, and each current source supplying a 
current to the summing node and being connected to a power supply voltage, wherein 
the current sources supply according to a bandgap equation: 

where V r r is the power supply voltage. Vj is a predetermined threshold voltage of a 
transistor in a first current source within the plurality of current sources, V ^ f is a base 
emitter voltage of a transistor in a second current source within the plurality of current 
sources, k is Boltzman's constant. T is a temperature in kelvin of a transistor in a third 
current source within the plurality of current sources, q is an electronic charge constant. 
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and Ki . K?. and are constants determined by a resistance and a transistor size in the 
first, second, and third current sources, respectively: 

an indicator circuit having an input connected to the summing node and 
generating a logical signal at an output responsive to changes in a summing node: and 

a switching circuit for providing power to the first circuit from a primary power 
supply and a secondary power supply, the switching circuit being connected to the 
output of the indicator circuit, wherein power from the primary power supply is supplied 
to the first circuit of the logical signal indicates that the power supply voltage is equal to 
or greater than the predetermined threshold voltage and power from the secondary 
power supply is supplied to the first circuit if the power supply voltage is less than the 
predetermined threshold voltage. 

J 27. A zero power circuit comprising: 
a first circuit: 

%2 a direct current sum bandgap voltage comparator comprising: 

|x a summing node; 

J-j a plurality of current sources connected to the summing node, each current 

ry source further comprising at least one transistor, and each current source supplying a 
l~ current to the summing node and being connected to a power supply voltage: 
H an indicator circuit having an input connected to the summing node and 

\i generating a logical signal at an output, responsive to changes in the summing node: 
and 

C3 a switching circuit for providing power to the first circuit from a primary power 

supply and a secondary power supply, the switching circuit being connected to the 
output of the indicator circuit, wherein power from the primary power supply is supplied 
to the first circuit if the logical signal indicates that the power supply voltage is equal to 
or greater than the preselected voltage and power from the secondary power supply is 
supplied to the first circuit if the power supply voltage is less than the preselected 
voltage, wherein the current sources supply according to a bandgap equation: 

Ki(Vcc=Vj]L±KiV^ 

where is the power supply voltage, Vj is a predetermined threshold voltage of a 
transistor in a first current source within the plurality of current sources. V r f is a base 
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emitter voltage of a transistor in a second current source within the plurality of current 
sources, k is Boltzman's constant, T is a temperature in kelvin of a transistor in a third 
current source within the plurality of current sources, q is an electronic charge constant, 
and K i ? K?, and are constants determined by a resistance and a transistor size in the 
first, second, and third current sources, respectively, and wherein the plurality of current 
sources comprising four current mirrors. 

"J 28. A method, comprising: 
generating a first current that changes with temperature according to a first 
polarity; 

generating a second current that changes with temperature according to a 
second polarity; and 

combining the first and second currents to generate a reference current. 

29. The method of claim 28 wherein: 

the first current changes with temperature according to a positive polarity: and 
the second current changes with temperature according to a negative polarity. 

30. The method of claim 28 wherein: 

the first current is proportional to temperature; and 

the second current is inversely proportional to temperature 

31 . The method of claim 28 wherein: 

the first current increases as temperature increases and decreases as 
temperature decreases; and 

the second current decreases as temperature increases and increases as 
temperature decreases. 

32. The method of claim 28 wherein combining the first and second currents 
comprises summing the first and second currents. 

33. The method of claim 28 wherein combining the first and second currents 
comprises sinking the first and second currents from a node. 
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34. The method of claim 28 wherein combining the first and second currents 
comprises sourcing the first and second currents to the node. 

35. The method of claim 28, further comprising comparing the reference 
current to a current that is related to a power-suppiy voltage. 

/ 
/ 

J 36. A method, comprising: 
generating a first current that changes with temperature according to a first 
polarity: 

generating a second current that changes with temperature according to a 
second polarity; and 

combining the first and second currents at a node to generate a voltage on the 

node. 

37. The method of claim 36 wherein combining the first and second currents 
comprises sourcing the first and second currents to the node. 

38. The method of claim 36 wherein combining the first and second currents 
comprises sinking the first and second currents from the node. 

39. The method of claim 36, further comprising comparing the voltage on the 
node to a reference voltage. 

J40. A method, comprising: 

generating a first current that increases as temperature increases and that 
decreases as temperature decreases; 

generating a second current that decreases as temperature increases and that 
increases as temperature decreases; 

generating a third current that is related to a first voltage; and 

combining the first, second, and third currents at a node to generate a second 
voltage on the node. 
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41 . The method of claim '40 wherein combining the currents comprises: 
sinking the first and second currents from the node: and 

sourcing the third current to the node. 

42. The method of claim 40 wherein: 

the first current is related to a thermal voltage; and 

the second current is related to a voltage across a forward-biased p-n junction. 

43. The method of claim 40 wherein: 

the first current is related to a thermal voltage; and 

the second current is related to a base-emitter voltage of a bipolar transistor. 

44. The method of claim 40 wherein the second current is related to the 
natural logarithm of a current through a bipolar transistor. 

/ 

*/ 45. A method, comprising: 
generating a first current that is related to temperature according to a first 
polarity: 

generating a second current that is related to temperature according to a second 
polarity: 

combining the first and second currents into a reference current; 

generating a third current; and 

comparing the third current to the reference current. 

46. The method of claim 45 wherein: 

the first current is related to a thermal voltage; 

the second current is related to a voltage across a forward-biased p-n junction: 

and 

the third current is related to a power-supply voltage. 

47. The method of claim 45 wherein: 

combining the first and second currents comprises sinking the first and second 
currents from a node; and 

comparing the third current to the reference current comprises. 

7 



i f ' 

spurring the third current to' the node, and 

comparing a voltage on the node to a reference voltag e, 

J 48. A method, comprising: 

generating a fir st current that is proportional to a threshold voltage of a 
field-effect transistor; 

generating a second current that is proportional to a difference between a supply 
voltage and a threshold voltage of a second field-effect transistor: 

generating a thi rd current that is proportional to a base-emitter voltage of a first 
bipolar transistor; 

generating a fourth current that is proportional to the natural logarithm of a 
current through a second bipolar transistor: and 

driving a node with the first, second, third, and fourth currents. 

4JL The method of claim 48 wherein driving the node comprises: 

sourcing the firs t, and second currents to the node: and 
sinking the third and fourth currents from the node. 

5CL The method of claim 48. further comprising comparing a voltage on the 

node with a reference voltage. 

51 The method of claim 48 wherein the first field-effect transistor is matched 

to the second field-effect transistor. 



52, The method of claim 48 wherein the threshold voltage of the first 

field-effect transistor is equal or approximately equal to the threshold voltage of the 
second field-effect transistor. 

^ 53. A method, comprising: 
generating a first current that equals a product of a first constant and a threshold 
voltage of a first field-effect transistor: 

generating a second current that equals a product of a second constant and a 
difference between a su pply voltage and a threshold voltage of a second field-effect 
transistor; 
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generating a third current that equals a product of a third constant and a 



base-emitter voltage of a bipolar transistor; 

generating a fo urth current that equals a product of a fourth constant and a 
thermal voltage: and 

driving a node with the first, second, third, and fourth currents. 

5A The method of claim 53 wherein the first constant equals the second 

constant. 

5JL The method of claim 53 wherein driving the node comprises: 

sourcing the first and second currents to the node: and 
sinking the third and fourth currents from the node. 

REMARKS 

Claims 1 - 55 are pending in this broadening reissue application. 

The Applicants have added new circuit claims 24 - 27 and new method claims 
28 - 55 to broaden the scope of protection to their invention. 

The Applicants have added no new matter to the reissue application. 

In light of the foregoing, original claims 1 - 23 as issued and new claims 24 - 55 
are in condition for full allowance, and that action is respectfully requested. 

If the Examiner believes that a phone interview would be helpful, he is 
respectfully requested to contact the Applicant's attorney, Bryan Santarelli, at 
(425) 455-5575. 

DATED this 14 th day of July, 2000. 



Respectfully submitted, 



B/yan A. Santarelli ^ ^ 
Attorney for Applicants 
Registration No. 37,560 
155-1 08th Avenue N.E., Ste 350 
Bellevue, WA 98004-5901 
(425) 455-5575 
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